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The em,ission spectra of the as-grown and annealed Cd1_xMgxTe (band gap . 
Eg~2.2 eV) crystals doped with phosphor or alminium have been measured over 
the temperature range 300-110 K. The temperature dependence of the emission 
intensity at a maximum wavelength gives the activation energies of the thermal.. 
quenching process; 0.3 eV for Cd-vacancy and 0.25 eV for substitutional P~leve1. 
Tentative model of the recombination process is proposed for the emission bands. ~ 
(690 nm for p.,doped crystals and 715 nm for AI-doped crystals) and discussion 
about the effect of annealing is also presented. 
1. Introduction 
From the emission spectra of Cd1_xMgx Te mixed compound semiconductor (x-
0.45, band gap Eg=2.1B-2.20 eV) measured at fixed temperature of 300 and 77 K, 
Shitaya et alY have lately shown that there exist two types of broad bands in this 
material; the 640 nm band (denoted by S-band) associated with doped phosphor atom 
as an acceptor and 700 nm band (L-band) which is related with aluminium doped as 
a shallow donor impurity. They have also noted that annealing the crystals in Cd-
vapor at 700°C causes a change in the observed spectra, indicating the important 
role of the native defects (Cd- and Te-vacancies) in the photoluminescent process. 
It may be readily supposed from these results that the L-band emission would be 
the usual donor-acceptor pair recombination, as is frequently found in a number of 
III-V semiconductors;2) but at present there is no experimental evidence for this 
possibility yet. Furthermore, although the 640 nm emission is believed to be associ-
ated with a doped P atom, the P-state in the energy band is not well understood. 
To gain a further understanding of these unc1arified aspects, we have measured the 
temperature dependence of the two emission bands in the temperature range 300-
110 K. 
In this paper we shall report the preliminary results and propose a tentative 
*Physics Department, Faculty of. Education. **Department of Applied Physi,cs, 
92 
mechanism. In a later publication we will report the results made at liquid helium 
temperatures, in particular placing an emphasis on the possibility of the pair lumi-
nescence. 
2. Experimental 
Cd1_zMgzTe (Eg=2.18-2.20 eV) single crystals were grown at Wireless Research 
Laboratory, Matsushita Elec. Ind., and the preparation procedure was described in 
the paper of Shitaya et al.;ll the impurities were doped in the melt (AI as a donor 
and P as an acceptor) and heat-treatment was made at 800°C in Cd-vapor for 
2-5 hours. 
The crystal with cleaved surface was mounted on a cold finger inside a metal 
dewer. A copper-constantan thermo-couple was soldered to the sample holder. A 
schematic diagram of the optical apparatus is shown in Fig. 1. The crystal was 
excited by 365 nm light, which was selected from a hibh-pressure mercury lamp 
through a grating monochromator (Hitachi G-3) and a glass filter (Toshiba UV-
D25). The emitted lights were led by an optical guide to a prism monochromator 
(Shimadzu QR-50) and its output was detected by a photomultiplier (Hamamatsu R 
666). The band pass (half-width) of the detection monochromator was set about 8 
nm and the spectral sensitivity of the photomultiplier was flat in our experimental 
regions. 
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Fig. 1. Schematic block diagram for measurement of photoluminescence. 
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3. Experimental Results 
3.1. As-grown Cd1_xMgxTe:P 
In Fig. 2 are shown the emission spectra of the as-grown Cd1_xMgx Te:P crystal at 
different temperature. The emission peak of the material occurs at 690 nm over 
the temperature range 110-216 K; the half-width increases gradually with rising 
temperature, but this peak (refered to as the L'-band hereafter) does not shift sub-
stantially with temperature. The temperature dependence of the intensity of the 
L'-band is shown in Fig. 3; the photoluminescence efficiency drops rapidly above 
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Fig. 2. Photoluminescence spectra at 
various temperatures for the 
as-grown Cd1_xMgxTe:P. 
216 K. The slope at high temperature 
yields an activation energy for thermal 
quenching E=0.31 eVe It should be noted 
that a small maximum occurs at about 
170 K and then the intensity varies slight-
ly with temperature at low temperature 
side. 
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Fig. 3. Temperature dependence of 690 
nm emission band of the as-
grown Cd1_xMgxTe: P; the activa-
tion energy E=O.31 eVe 
Annealing the P-doped crystal in Cd-vapor gives rise to a change in the emission 
spectrum, as shown in Fig. 4. It was found that the emission intensity of annealed 
sample decreased remarkably compared with the as-grown crystals, indicating the 
important role of the Cd-vacancies in the recombination process. Futhermore, it is 
noteworthy that the 610 nm band (S-band) appears in the annealed crystals, whereas 
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the as-grown crystal shows no S-band 
emission; however the L' -band observed 
in the as-grown sample becomes less and 
less as the temperature is decreased. 
The temperature dependence of the in-
tensity at peak wavelength (610 nm) 
of the S-band is illustrated in Fig. 5. 
In contrast to the L' -b:a,nd, the intensity_ 
of the S-band tends to increase with 
temperature even at lower temperatures. 
The activation energy at high temper-
ature side was found to be E=0.25 eVe 
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Fig. 4. Emission spectrum of the an-
nealed Cd1_xMgxTe:P at 113 K. 
3.3. Cd1_xMgx Te: Al 
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Fig. 5. Temperature dependence of the 
610 nm emission band (see Fig. 
4); the activation energyE-::f::. 
0.25 eVe 
Figure 6 shows the photoluminescence spectrum of the as-grown Cd1-xMgx Te:AI at 
113 K; the peak occurs at 715 nm over the temperature 300-110 K, without any shift 
of the peak position. The variation of the 715 nm peak with temperature is shown in 
Fig. 7. An activation energy of this emission intensity is determined to be 0.30 eV; 
this value is almost the same as that obtained in the as-grown P-doped crystals (L'-
band). 
We have also found, not shown in this paper, that heat-treatment of the as-grown 
Cd1-xMgx Te:AI crystals in Cd-vapor causes the reduction of the emission intensity, 
though the peak wavelength (715 nm) remains unchanged. These results suggest us 
that Cd-vacancies are responsible for the 715 nm band CL'-band). 
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Fig. 6. Emission spectrum of the as-
grown Cdt_xMgx Te:A1 at 113 K. 
peaking at 715 nm. 
4. Discussions 
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Fig. 7. Temperature dependence of the 
715 nm emission band (see Fig. 
6); the activation energy E= 
0.30 eVe 
Taking into account the previous consideration and the present results, we first 
note that there are lattice imperfections in the compound semiconductor: (i) In the 
as-grown Cd1_zMgzTe:P there may exist Cd-vacancies, interstitial P atoms, and Te-
vacancies due to self-compensation. When this crystal is annealed in Cd-vapor, the 
number of the Cd-vacancies will be reduced and P atoms will enter into the Te-sites 
of the host to become acceptor centers. (ii) In the case of the as-grown Cdt_zMgz 
Te:AI, there may appear Cd-vacancies and Al-interstitials. After beat-treatment in 
Cd-vapor, the amount of the Cd-vacancies will also become smaller and Al atoms 
will be active as the oonor centers. From these considerations, we may now propose 
a tentative mechanism for a photoluminescence process as in the following way. 
(1) The 690 nm band (L' -band) : 
The single crystal Cd1_zMgzTe (,,-0.45) has an energy gap of about 2.18-2.20 eVe 
The L'-band emission observed in the as-grown P-doped crystal can be expressed 
schematically as in Fig. 8; the recombination of donor (interstitial P-state) and 
acceptor (Cd-vacancy). However, this donor-acceptor pair recombination is not the 
same as the usual single donor-acceptor one, in which the emission intensity I, on 
the basis of the usual thermal quenching model, is expressed by2,3) 
I=C{l+rlexp( - EA/kT)+r2exP( - ED/kT)}-l, .... · .. ··(1) 
where ED and EA are the activation energy of donor and acceptor, respectively,rl 
and r2 being some constants; the temperature dependence of the intensity will have 
two slopes in a logI-1lT curve with ED and EA. Figure 3 shows, however, a single 
slope and a maximum at 170 K. As a result, it is reasonable to think of two oonor 
levels, shallow Te-vacancy and deep interstitial P-Ievel,as in Fig. 8. Now the electron 
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trapped at Te-vacancy is thermally acti-
vated to the conduction band and recap-
tured by the deep donor of interstitial P-
state, resulting then in radiative recombi-
nation with one of the Cd-vacancies pres-
ent. The number of electrons in Te-
vacancy state is limited, so the photolu-
minescence has the maximum at 170 K. 
The level of interstitial P-state Ei is 
estimated to be approximately Ei=O.l eV 
with Eu=2.2 eV, EA=0.31 eV, and emission 
peak 690 nm (=1.8 eV). 
(2) The 610 nm emission (S-band) : 
After heat-treatment of Cd1_xMgxTe: P 
in Cd-vapor the interstitial P atom will 
enter the Te-site and become acceptor 
with the activation energy EA=0.25 eV 
(Fig. 4), while the Cd-vacancies are com-
pensated by Cd-vapor. In this case two 
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Fig. 8. Tentative model for a radiative 
recombination of the 690 nm 
emission band (L'-band); the Te-
vacancy and the interstitial P-
level are assumed to exist as 
donors near the coduction band. 
possible processes may be considered (Fig. 9); the electron transition from the 
conduction band to the substitutional P-Ievel (acceptor), Schon-Klasens type emission, 
or the transition from the Te-vacancy to the P-Ievel, pair emission. Our results 
cannot clarify which is the dominant process. 
(3) Finally, the photoluminescence of Cd1_xMgx Te:AI crystals is thought to be 
produced by the transition from Te-vacancy or AI-level to the Cd-vacancy involved 
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Fig. 9. Tentative model for the 610 nm emission band: (a) Transition from the 
conduction band to the Cd-vacancy with EA=0.25 eV (Schon-Klasens 
type), and (b) transition from the Te-vacancy to the Cd-vacancy. 
(b) 
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(pair emission). We must, however, confirm this by extending the optical measure-
ment down to liquid helium temperatures; the emission spectra will be resolved into 
fine structures associated with the lattice vibrations characteristic of the donor-
acceptor pair recombination. These results will be reported later. 
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